Summary. 6-Chloro-6-deoxyfructose or 6-chloro-6-deoxyglucitol (>90 \g=m\mol/kg/ day), 6-chloro-6-deoxyglucose or 6-chloro-6-deoxymannose (>120 \g=m\mol/kg/day) and 6-chloro-6-deoxygalactose (>300 \g=m\mol/kg/day) all had an antifertility action in the male rat when given by mouth. Spermatozoa from the infertile rats were unable to oxidize glucose. This effect was always produced by a lower dose than the antifertility effect and the threshold dose for the 2 effects varied in a parallel fashion between the different 6-chloro-6-deoxysugars. Glucose oxidation appeared to be inhibited at the triose phosphate isomerase or glyceraldehyde 3-phosphate dehydrogenase reaction. These effects of 6-chloro-6-deoxysugars are similar to those of \g=a\-chlorohydrin.
Introduction
Several 6-chloro-6-deoxysugars have an antifertility action in the male rat (Ford & Waites, 1978a , b, 1980 Heitfeld, McRae & Vickery, 1979; Ford, 1980) and 6-chloro-6-deoxyglucose is also effective in the male marmoset monkey (J. P. Hearn, unpublished data). Their effect is similar to that of a-chlorohydrin (Jones, 1978) and it is believed that they act by preventing the metabolism of glucose by spermatozoa from treated animals.
In the present study the doses required to make male rats infertile and those needed to inhibit sperm glucose oxidation have been compared for 5 different 6-chloro-6-deoxysugars and an attempt has been made to locate the site of action of the drug in the glycolytic pathway.
Materials and Methods

Chemicals and enzymes
6-Chloro-6-deoxyglucose, 6-chloro-6-deoxyfructose, 6-chloro-6-deoxymannose, 6-chloro-6-deoxyglucitol and 6-chloro-6-deoxygalactose were synthesized and generously donated by Dr . . Rathbone and Dr P. J. Simpson (Philip Lyle Memorial Research Laboratory, Tate and Lyle Ltd, Reading, RG6 2BX, U.K.). 6-Chloro-6-deoxyfructose and 6-chloro-6-deoxyglucitol were syrups but the other compounds had a distinct melting point. All were free from discoloration and inorganic chlorides. The pH of a 10% (w/v) solution was neutral and the compounds appeared >95% pure by gas-liquid (Sweeley, Bentley, Makita & Wells, 1963) (Keyhani & Storey, 1973) and portions of this suspension could be used for enzyme assays without further treatment. Protein was measured by the method of Warburg & Christian as described by Dawson, Elliott, Elliott & Jones (1969) . All assays were performed at 25°C in a total volume of 2-0 ml and the rate of reaction was observed by continuously recording the absorbance at 340 nm in a Gilford Model 240 spectrophotometer. The rates given in Table 3 (Maitra & Estabrook, 1964) .
Results
The fertility of male rats and the oxidation ofglucose by their spermatozoa The mean + s.e.m. numbers of spermatozoa obtained from the cauda epididymidis of control rats and of rats which became infertile were similar (2-56 ± 0-14 IO8 ( = 15) and 2-42 ± 0-12 8 ( = 18) spermatozoa/2 rats respectively) and the spermatozoa from the infertile rats appeared normal when examined by light microscopy (x 400 magnification). The weights of the testes and of the accessory organs of the infertile rats remained in the control range and the histology of these tissues was normal (Ford & The dose of 6-chloro-6-deoxysugar required to produce infertility depended on the structure of the hexose moiety (Table 1) . No embryos were sired by male rats given 6-chloro- (18) 120 (24) 6-Chloro-6-deoxyfructose Conception rate 95-7 94-1 59-6 0 0 Glucose oxidation 14-9 ± 5-9
10-1 ±1-8 2-7 ± 1-7 1-7 ± 0-1 l-0±0-3
6-Chloro-6-deoxyglucitol (Table 2) . The uptake of oxygen in the absence of substrate was <l-5 nmol/108 spermatozoa/min.
Values are mean ± s.e.m. for the no. of rats indicated in parentheses.
The activities of the glycolytic enzymes The specific activities of the glycolytic enzymes in rat spermatozoa are considerably higher than would be needed to explain the observed rates of glucose oxidation (Table 3 ). The activities of glyceraldehyde 3-phosphate dehydrogenase and of trióse phosphate isomerase were significantly decreased in spermatozoa from rats treated with 6-chloro-6-deoxyglucose (60 pmol/kg/day) compared to controls. When the dose of 6-chloro-6-deoxyglucose was increased to 120 pmol/kg/day the inhibition of these two enzymes was more pronounced and hexokinase, pyruvate kinase and lactate dehydrogenase were inhibited by a small but significant amount. (Table 4) . 
Discussion
These data are not sufficient to prove conclusively that the inhibition of glucose oxidation in spermatozoa from rats treated with 6-chloro-6-deoxyglucose is the primary cause of their infertility. However, the observation that glucose oxidation by spermatozoa was inhibited by a lower dose of each 6-chloro-6-deoxysugar tested than was fertility supports this hypothesis. Moreover, the threshold dose for the two effects was altered in a parallel fashion when the structure of the hexose moiety was varied. 6-Chloro-6-deoxyfructose or 6-chloro-6-deoxyglucitol were the most potent contraceptives of the compounds tested and 6-chloro-6-deoxygalactose the least effective.
Rat spermatozoa produce no lactate when incubated under these conditions and the activity of the pentose phosphate pathway is probably very small since the activity of glucose 6-phosphate dehydrogenase is very low in these cells (Brooks, 1976 ; W. C. L. Ford & A. Harrison, unpublished observations). The oxidation of pyruvate by spermatozoa from rats treated with 6-chloro-6-deoxyglucose (120 pmol/kg/day for 8 weeks) was not impaired (Table  2) . Therefore the production of 14C02 from [U14C]glucose provides an index of flux through the glycolytic pathway and the metabolic lesion produced by the 6-chloro-6-deoxysugars is most probably located there. However, it should be borne in mind that more glucose was converted to glycolytic intermediates than to C02 under these conditions (Tables 1 and 2 ).
The assays of enzyme activities suggest that the site of action is trióse phosphate isomerase or glyceraldehyde 3-phosphate dehydrogenase, as found for a-chlorohydrin and ram sperm¬ atozoa (Brown-Woodman, Mohri, Mohri, Suter & White, 1978) . The concentrations of the glycolytic intermediates support this view because the concentrations of glycerate 3-phosphate and phosphoenol-pyruvate did not increase in spermatozoa from treated rats during the incubation with glucose. However, the changes in glucose 6-phosphate and trióse phosphate concentrations compared to the controls suggest that other factors are involved.
